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S1.1. The CALPHAD method
The method of CALculation of PHAse Diagrams (or CALPHAD for short) has been widely utilized to calculate bulk phase diagrams and thermodynamic properties of multi-component systems [S1] . It involves the use of Gibbs free energy models developed for various types of phases, such as random solutions (gases, liquids, and solids), sublattice phases, ionic phases, etc. Variables used in these models are calculated by fitting either to experimental data or ab initio calculations.
The CALPHAD method [S1] is well established for calculating bulk phase diagrams, and is a good starting point for calculating phase equilibria in nanoscale systems. In this work, since we have considered surface effects on binary solution phases, thermodynamic models for only these types of phases will be described. The Gibbs free energy of a bulk random solution phase φ is given by,
where, G ref is the sum of standard Gibbs energies of each component, ∆G ideal mix is the ideal mixing configurational entropy contribution to the Gibbs free energy of the solution phases, and ∆G xs mix , called the excess energy of mixing, takes into account all the non-ideal temperature dependent effects such as interaction between components, non-ideal configurational entropy, vibrational and electronic entropy, etc. Expanding each term, Eqn. (S1) becomes,
where, x A and x B are mole fractions of components A and B of the phase, respectively, and
are the standard Gibbs energies of the phase containing only the pure component A and B, respectively. These are obtained from the Scientific Group Thermodata Europe (SGTE)
database [S2] . R is the gas constant, and T is the temperature. The excess Gibbs free energy of mixing ∆G xs mix is expanded according to the Redlich-Kister formalism [S3] as,
where, v is the order of expansion (v = 0 for regular solution phases and v = 1 or above for non-regular solution phases), and L φ v is called the non-ideal interaction parameter. As the excess Gibbs free energy of mixing must include temperature dependency of other sources of entropy (non-ideal configurational, vibrational, and electronic) apart from ideal configurational entropy, these parameters are further expanded as,
where, A φ v and B φ v are user-defined parameters that are calculated and optimized in the CALPHAD method with available experimental data on positions of equilibrium lines in the phase diagram, phase thermodynamic properties such as enthalpy and entropy of mixing, etc., and/or similar data calculated from ab initio calculations, which is particularly useful in cases where no experimental data is available. 
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Sphere r 4πr Table S2 : Thermodynamic and physical properties used in the calculation of alloy surface tensions and phase diagrams of the Au-Si, Ge-Si, and Al-Cu nanoscale systems (L: Liquid, S: Solid) Dia-Ge + Dia-Si Figure S1 : (Color online) Phase diagram of the Ge-Si alloy system calculated for two particle shapes -sphere and a regular icosahedron, both for a particle size of 5 nm, and compared with the bulk phase diagram. Table S3 : Thermodynamic functions used in the calculation of phase diagrams in this work (in J mol −1 and K). All bulk and size-independent functions are obtained from (a) Au-Si: SGTE database [S2] and Ref. [S22] , (b) Ge-Si: SGTE database [S2] and Refs. [S23] and [S24] for the liquid and diamond phases, respectively, and (c) Al-Cu: Ref.
[S25] for the liquid and γD8 3 phases, and the COST-507 database [S26] for the rest of the phases. Laty (1977) Al-Cu 1375 K Figure S8 : (Color online) Calculated surface tension of the liquid phase in the Al-Cu system compared with experimental data from Refs. [S11, S34] .
Standard element reference Gibbs energies
o G f cc,nano Au = o G f cc,bulk Au + 6.569×10 −5 r − 1.4508×10 −8 r .T o G dia,nano Si = o G dia,bulk Si + 5.916×10 −5 r − 6.0365×10 −9 r .T o G dia,nano Ge = o G dia,bulk Ge + 6.000×10 −5 r − 1.0883×10 −8 r .T o G f cc,nano Al = o G f cc,bulk Al
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